Identifying cervical spine injuries in confused or comatose patients with multiple injuries provides a diagnostic challenge. Our aim was to investigate the protocols which are used for the clearance of the cervical spine in these patients in English hospitals.
Written guidelines were used in 138 hospitals (85%). CT scanning was the first-line investigation in 122 (75%). A normal CT scan was sufficient to clear the cervical spine in 73 (45%). However, 40 (25%) would continue precautions until the patient regained full consciousness. MRI was performed in all confused or comatose patients with a possible cervical spinal injury in 15 (9%). There were variations in the grade and speciality of the clinician who had responsibility for deciding when to discontinue precautions. A total of 31 (19%) reported at least one missed cervical spinal injury following discontinuation of spinal precautions within the last five years. Only 93 (57%) had a formal mechanism for reviewing missed injuries. Take home message: There are significant variations in protocols and practices for the clearance of the cervical spine in multiply injured patients in acute hospitals in England. The establishment of trauma networks should be taken as an opportunity to further standardise trauma care.
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The diagnosis and stabilisation of cervical spine injuries in multiply injured patients is of paramount importance due to the increased risk of spinal cord injury if these injuries are not identified at the time of presentation. Identifying cervical spinal injuries can be challenging if the patient is confused, or has a reduced level of consciousness (Glasgow Coma Scale 1 < 13), prohibiting co-operation with clinical examination. The overall incidence of cervical spinal injuries in patients who have suffered blunt trauma ranges between 1% to 3%. [2] [3] [4] However, this rises to around 7.7% in confused patients. 2 Up to 43% of these injuries may be unstable, and in 0.2% an unstable injury is initially missed and results in damage to the spinal cord. 4, 5 The potential morbidity, with high associated healthcare costs, and medico-legal implications of such a missed injury are significant. [6] [7] [8] [9] [10] [11] [12] In 2008, the British Orthopaedic Association (BOA) published recommendations for the clearance of the spine in multiply injured patients (BOAST 2). 7 The guidelines include advice on the management and clearance of the cervical spine in confused or comatose patients. These guidelines were updated in 2015 and contain a strong focus on timely radiological clearance of the cervical spine in these patients. 8 However, the extent of the implementation of such evidence-based protocols in England is unknown. Since the establishment of the Major Trauma Network in England in 2012, many of these patients are transferred to a Major Trauma Centre (MTC) for both initial management and ongoing care.
The primary aim of this study was to evaluate the practice of clearance of the cervical spine in confused or comatose patients in English hospitals and to investigate whether  SPINE Missed cervical spine injuries: a national survey of the practice of evaluation of the cervical spine in confused and comatose patients the practice had a protocol. Secondary aims were to establish if differences in practices existed between MTCs and hospitals which are not designated in this way (non-MTCs) and to establish which mechanisms are in place to identify missed injuries.
Patients and Methods
Hospitals in England with an accident and emergency department were identified using a database provided by the Royal College of Emergency Medicine (CEM) and cross-checked against data from the NHS choices website.
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A total of 178 hospitals were identified; 22 MTCs and 156 non-MTCs. A questionnaire was devised in an attempt to establish the current practice of clearance of the cervical spine of trauma patients in these hospitals. The questionnaire was sent to the medical director of each hospital between August and October 2014. If no reply was received within two months, the questionnaire was sent to the Information Department of the relevant hospital. All institutions that did reply had done so by the end of February 2015. Statistical analysis. Statistical analysis was performed using Fisher's exact test on IBM SPSS Statistics for Windows, Version 20.0 (Armonk, New York). A p value of < 0.05 was considered statistically significant.
Results
A total of 163 hospitals (91.5%) responded -all 22 MTCs and 141 of 156 non-MTCs. Written guidelines existed in 85% of responding hospitals for the clearance of the cervical spine in confused or comatose multiply-injured patients (20, 91% MTCs and 118, 84% non-MTCs). The remaining 15% used either verbal (one, 4.5% MTCs, ten, 7% non-MTCs) or had no policy available for analysis (one, 4.5% MTCs, 13, 9% non-MTCs). Significant variation exists in the source or basis of the responding hospitals guidelines (Table I) .
A total of 159 responding hospitals (98%; 21 MTCs, 95.5%, 138 non-MTCs, 98%) stated that patients were immobilised in a rigid collar with side supports before clearance, while the remaining hospitals used a rigid collar alone. A wide variety of collars are used (Table II) . A CT scan of the cervical spine was the first line investigation in 122 (of the total 163) hospitals (75%; 19 MTCs, 86%, 103 non-MTCs, 73%). Plain film radiographs were still routinely performed in 33 (20%; one MTC, 4.5%, 32 nonMTCs, 22%).
There were also differences in the radiological investigation used to clear the cervical spine (Table III) . A normal CT scan was considered to be sufficient to clear the cervical spine in 73 responding hospitals (45%) (12 MTCs, 55%, 61 non- (Tables IV and V) . At least one case of missed cervical spinal injury within the previous five years was reported by 31 responding hospitals (19%) (three MTCs, 14%, 28 non-MTCs, 20%). There was no association between the absence of formal written guidelines, the use of BOAST 2 guidelines 7 or MTC status and the reported cases of missed cervical spinal injury (Fisher's exact test p = 1.000). All but two hospitals that reported an episode of missed cervical spinal injury had a formal written protocol. There was a formal mechanism for identifying and reviewing such missed injuries in 93 hospitals (57%) (13 MTCs, 59%, 80 non-MTCs, 57%).
Discussion
We found that there was no consistent practice for clearance of the cervical spine in confused or comatose patients in acute hospitals in England. Whilst most hospitals had written guidelines, there was little consensus in the contents of these protocols. Only 39 responding hospitals (24%) stated that their guidelines were based on the BOA BOAST 2 guidelines. 7 MTCs were more likely to use these guidelines than non-MTCs (50% vs 20%). The Canadian CSpine rules published in 2001 15 or guidelines from the CEM were used by 10% of hospitals. 17 Both of these guidelines are for the management and clearance of the cervical spine in fully conscious trauma patients, and not intended to be used in the management of confused or comatose patients. In the United Kingdom the National Institute for Care and Health Excellence (NICE) 14 and Advanced Trauma Life Support (ATLS) 16 guidelines predominantly focus on the initial management of at-risk patients within the Emergency Department and do not give advice regarding when to discontinue cervical spine precautions. In all, 33 responding hospitals (20%) reported using their own individual locally derived guidelines. It is possible that some of these hospitals have based their guidelines on more widely accepted national protocols. However, hospitals that rely on locally derived guidelines should ensure that such protocols are regularly reviewed to ensure that they still reflect the latest evidence for best practice. This is time-consuming and subject to variable interpretation of the evidence. We do not recommend the use of locally derived guidelines.
Plain radiographs have been shown to have a poor sensitivity in the confused patient 12 and have been superseded by CT scans. 18, 19 CT is also more cost and time efficient. 4, 8, 20 Despite this, we found that 34 responding hospitals (21%) continued to perform plain radiographs of the cervical spine as their first line investigation. Reassuringly, no hospital used dynamic fluoroscopy. Neither dynamic fluoroscopy or flexion extension views have been shown to identify injuries not seen on CT scanning alone, and may be dangerous in confused patients. 11, 21, 22 The role of MRI in these patients with possible cervical spinal injuries remains controversial. 12, [23] [24] [25] [26] [27] [28] [29] [30] Whilst MRI is clearly indicated for those with a neurological deficit, purely ligamentous injuries not identified on other imaging are rare. 27, 28 The incidence of significant soft-tissue injury or instability following a normal CT scan is low. 28 There is evidence that MRI is unnecessary in patients with normal motor function and a negative multi-detector CT scan. 23, 24, 29, 30 Transferring an unconscious intubated patient from an intensive care unit for MRI scans presents a logistical challenge, and also puts the patient at risk of aspiration, secondary brain injury and raised intracranial pressure. [9] [10] [11] 24, 25 Currently, routine MRI for all comatose patients is not recommended in the BOAST 2 guidelines and should be reserved for patients with suspected spinal cord injury. 7 Currently, however, these guidelines are only (11) 17 (11) applicable to adult patients. Some authors have suggested that CT alone may miss potentially significant cervical spinal injuries in children. 31 Further work is required before firm recommendations can be made for paediatric patients.
The BOAST 2 guidelines currently recommend radiological clearance of the cervical spine if the patient is likely to remain confused or comatose for more than 48 hours. 7 Prolonged immobilisation is associated with pressure sores and makes management of the airway more difficult. [9] [10] [11] 24, 25 A thin slice (2 mm to 3 mm) helical CT has a negative predictive value of 99.7% for cervical spinal injuries. 27 Despite this, 40 hospitals (25%) in our study reported that cervical spine precautions continued until patients regain full consciousness and could be clinically examined.
We found that there is significant variation in both the grade and speciality of the doctor ultimately responsible for the decision to discontinue spinal precautions inacuteEnglish hospitals. This may be due to local variations in the availability of specialist spinal or neurosurgical services. At least one missed cervical spinal injury in comatose patients was reported by 31 responding hospitals (19%) during the previous five years. We did not find an association between missed cervical spinal injuries and the absence of written guidelines. However, only 93 responding hospitals (57%) had a formal process within their hospital for checking and reviewing missed injuries. It is therefore possible that the incidence of missed cervical spinal injuries is higher. Although further work is needed to assess whether the implementation of guidelines actually reduces the rates of missed cervical spinal injuries, we believe that the BOAST 2 guidelines reflect the best evidence for safe clearance of the cervical spine in confused or comatose trauma patients currently available.
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